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Detailed protocol 


Detailed protocol for spinning-disc confocal imaging 


1. For time-lapse imaging, images were captured using a commercial Olympus spinning-disc confocal microscope. Due to the limitation of the working 
distance of our imaging objectives, in this experiment a 10x/0.4 objective was used to ensure that samples (ins: Rcamp signals in living zebrafish 
embryos) will be illuminated on proper focal plane. During imaging, 1.6 x preamplifier was used for image magnification. Alternatively, “zoom in” of 
images is also recommended. 

2. Transferring zebrafish embryo to the agarose: Heat up one aliquot of 1% ultra-pure agarose (Invitrogen) in an EP tube and keep it warm in a heat block 
set to 38-40°C. Supplement tricaine to a final concentration of 0.01% into the agarose. Select one dechorionated zebrafish embryo and transfer it into the 
preheated 1% ultra-pure agarose. Try to transfer as little E3 medium as possible. 

3. Mounting zebrafish embryo: Take up the embryo with a self-designed mounting device (Fig.1) with syringe-attached glass capillary (inner diameter: 0.8- 
1mm). Make sure to fill with some agarose before taking up the fish embryo into the capillary (avoid bubbles inside) and try to place the embryo 
positioned close to the end of the capillary and with the embryo head pointing towards the opening of the capillary. Keep the capillary horizontal to avoid 
leakage of its content until the agarose becomes fully solid. Plug out an agarose cylinder containing the zebrafish embryo and place it in an imaging 
chamber. Orient the position of the embryo with right side of fish body facing to the bottom of the chamber and the objective (this allows light penetration 
through the fish embryo and effective illumination of the ins: Reamp signals). 

4. Fill the imaging chamber with 200ul basal E3 medium containing 0.01% tricaine to ensure fully cover the cylinder containing the zebrafish embryo. 

5. Find fish embryo under microscope and image ins: Rcamp signals on the best focal plane. Capture images under basal E3 medium (containing 0.01% 
tricaine) for 10-15min as the basal calcium signals. Add equal volume (200ul) of 40mM glucose stock solution (in E3 medium with 0.01% tricaine) to the 
imaging chamber to reach a final concentration of 20mM during stimulation. Capture images under the high glucose E3 medium for 15-30min as the 
stimulated calcium signals. Alternatively, a perifusion chamber is more preferable for applying glucose or other stimuli stimulation if available. 

6. Time-lapse images are captured once per second with a 100ms exposure time. Images were collected using MetaMorph software and analyzed with Fiji 
software. 
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Fig.1 An illustration of mounting fish embryo and the spinning-disc confocal imaging setup. Left panel 
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Detailed protocol for 2P3A-DSLM imaging procedure 


1. Images were captured with a home-made 2P3A-DSLM equipped with two 40x/0.8 water lenses, as previously described (Zong et al., 2014, Cell 
Research). 

2. Transferring zebrafish embryo to the agarose: Heat up one aliquot of 1% ultra-pure agarose (Invitrogen) in an EP tube and keep it warm in a heat block 
set to 38-40°C. Supplement tricaine to a final concentration of 0.01% into the agarose. Select one dechorionated zebrafish embryo and transfer it into the 
preheated 1% ultra-pure agarose. Try to transfer as little additional E3 medium as possible. 

3. Mounting zebrafish embryo: Take up the embryo with a self-designed mounting device (Fig.2) with syringe-attached glass capillary (inner diameter: 0.8- 
1mm). Make sure to fill with some agarose before taking up the fish embryo into the capillary (avoid bubbles inside) and try to place the embryo 
positioned close to the end of the capillary and with the embryo head pointing towards the opening of the capillary. Keep the capillary horizontal to avoid 
leakage of its content until the agarose becomes fully solid. 

4. Partially plug out an agarose cylinder containing the zebrafish embryo, locate it vertically using a device holder and immerse in the light-sheet cubic 
imaging chamber pre-filled with 49ml basal E3 medium containing 0.01% tricaine (Fig.2). 

5. Rotate the syringe device to orient the embedded embryo with right side of fish body facing to the illumination objective of light sheet microscope (this 
allows light penetration through the fish embryo and effective illumination of the ins: Rcamp signals). 

6. Find fish embryo under microscope and image ins: Rcamp signals on the best focal plane. Capture images under basal E3 medium (containing 0.01% 
tricaine) as the basal calcium signals. Add 1ml of 1M glucose stock solution (in E3 medium with 0.01% tricaine) to the cubic imaging chamber to reach a 
final concentration of 20mM during stimulation. Capture images under the high glucose E3 medium as the stimulated calcium signals. 

7. For the 2D time-lapse imaging experiments used in the statistical analysis, the islet was optically sectioned into 5-6 layers (z-step = 10um) to ensure that 
the calcium transients were recorded in all B-cells within the islet. Each layer was captured with 150ms exposure time. With this strategy, it means 150ms 
time for imaging each layer and a total time of approx. 1.5s per imaging cycle for imaging the entire islet. 

8. For the fast volumetric imaging and reconstruction of calcium transients within the whole islet, the islet was optically sectioned into 25 layers (z-step = 
2um). Each layer was captured five times with an 8ms exposure time and was averaged as one single image (the averaging process will significantly 
increase image contrast by reducing noise). With this strategy, it means 40ms time for imaging each layer and a total time of 1s per imaging cycle for 
imaging the entire islet. 

9. Images were collected using the HClmage software (Hamamatsu) and processed with R-L deconvolution by the Fiji software. The volumetric calcium 
transients were reconstructed using Amira software (FEI). 
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Fig.2 An illustration of mounting embryo and the home-made 2P3A-DSLM setup. Top panel shows the 
mounting strategy. Bottom panel shows the 2P3A-DSLM imaging setup. 
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